i°T . G. Straub, "Relative size in heat treatment," Iron Age, 104, p. 167; 1919. 11 Figure 3 show that the maximum velocity is much closer to the quenching temperature than in the This will later be discussed in detail.
Some interesting and useful comparisons can be developed from the data given in Figure 4 . The first has to do with the effect of the shape of the steel on the center cooling velocity taken at 720°C .
(subsequently called "cooling velocity" or "cooling rate") and may be stated as follows : 
in which "ci" is the constant of equation (5) (cooling time formula) and "c" is the constant of equation (1) Figure 7 it is possible to approximate the cooling velocity for any of the simple basic shapes, or this can be determined from equation (7) Inasmuch as " n " and "G 2 " of equation (7) Knowing the value of " n " for the coolant, it is possible to scale directly from the curves in Figure 8 , the cooling velocity for any value of surface per unit of volume. These lie along a vertical line projected from 1.43 which equals the value of " n ." Figure 8 gives the most useful of the relationships so far developed, for with it a close approximation can be obtained of the mass effects in quenching for a wide range of conditions. No calculations are required, and it is only necessary to know the center cooling velocity for one size in any of the simple shapes.
It will be well at this point to refer again to the conditions under which the described experiments were carried out, so that there will be no misunderstanding concerning the limits within which the various data may be applied. In the first place, the relations have so far only been shown to apply to the effects at the center of the simple basic shapes. For a complete understanding of the mass effects in quenching, a study must also be made of the temperature distribution, and it is expected that this phase will be covered in a subsequent report. In all cases a quenching temperature of 875°C . was employed, and both the steel and the coolant were kept motionless. As the customary methods of commercial treatment for relatively small sections involve agitation or circulation of liquids, such as water and oils, and likewise a variety of quenching temperatures are employed depending largely upon the composition of the steel, but also on the purpose of the treatment, practical application of the developed data requires consideration of these two variables: (1) The effect of motion in coolants on the cooling velocity and (2) The effect of quenching temperature on the designated cooling velocity obtained in water and two oils is shown graphically in Figure   9 , and it will be noted that in all cases the increase in rate is much more marked for a given temperature rise between 720 and 800°C . than above. From these curves conversion factors can be determined by which it is possible to change the cooling rates from the "standard" quenching temperature of the experiments, 875°C , into the rates which would be obtained from any initial temperature between 720 and 1,050°C, a range covering commercial hardening except for high-speed steels. As a matter of convenience the conversion factors are shown graphically in the right half of the diagram.
In addition to the direct experimental observations giving the changes in rates with quenching temperature, derived values for the conversion factors have been included in the curve at the right side of Figure 9 . These were computed from data given in Figure 2 and depend upon two facts - (1) From the data given in Figure 9 "the quenching temperature conversion chart" of Figure 10 has been prepared. Into 5 per cent NaOH.
Into water
Quenched from 1,025°C:
Into water. The magnitude of the change is greater for equal temperature rise between 720 and 800°C . than above; likewise it is greater in the rapid than in slow coolants, but the proportional change is, within the limits of experimental accuracy, the same for the oils as in water. (b) A "quenching temperature-conversion chart" was prepared by which the cooling velocity given by one quenching temperature can be converted into that which would be obtained from any other temperature between 720 and 1,050°C.
3. General. -(a) The described relations apply to the simple shapes (spheres, rounds, and plates when made of various carbon and some alloy steels) and will give values within about 5 per cent of those determined experimentally. They likewise hold for modifications which do not materially alter the surface per unit of volume of the basic shape which has been modified, but do not apply in these cases in which there is no geometrical center. and plates is proportional to some power of the surface per unit of volume, depending upon the coolant used, these relations are represented by a family of hyperbolic curves which, if projected to large enough sizes, will cross. Actually the velocity can not exceed a certain value which appears to approximate that given by water irrespective of the coolant used. In such cases the rate at which heat is extracted from the center is a function of the thermal properties of the metal and is not affected by differences at the surface, which is small in comparison with the weight or volume and far removed from the center of the mass. The hyperbolic "mass-effect" curves for various coolants, therefore, appear to apply at all points until they cross the curve for water.
(c) Within the prescribed limits the "mass effect" and "temperature conversion charts" prepared will give the center cooling velocity (taken at 720°C .) when any size of the simple shapes is quenched from any temperature between 720 and 1,050°C. into the customary oils and aqueous solutions at atmospheric temperatures, provided only this velocity is known when quenching one size and shape from some temperature into the same coolant. The cooling velocity at 720°C . was chosen as a basis of comparison, as it had previously been shown to be the best single factor which can be taken from cooling curves to represent the hardening produced in carbon steels.
